Background Children are at high risk of exposure to environmental tobacco smoke and biofuel smoke at home in developing countries. This study examines whether exposure to cigarette and biofuel smoke is associated with height-for-age of children (0-59 months) in seven developing countries.
Introduction
Almost half the world's children are exposed to smoke from burning tobacco and exhaled smoke at home. 1 In addition, children are also at high risk of exposure to biofuel smoke. About 50% of people in developing countries use coal and biomass in the form of wood, dung and crop residues for domestic energy. 2 Use of these fuels indoors causes indoor air pollution levels to be much higher than international ambient air quality standards. 3 The majority of those exposed are women who are in charge of cooking and young children who are usually with their mothers near the cooking area. 4 Biofuel smoke exposure during pregnancy has been linked to low birth weight, 5, 6 whereas smoking during pregnancy has been linked to lower birth weight and birth length. [7] [8] [9] However, limited evidence exists about the effects of postnatal exposure to maternal smoking and biofuel smoke on the physical growth of children < 5 years of age. It is very important to identify environmental factors that influence child physical growth because low height-for-age in early childhood is associated with serious irreversible consequences such as delayed motor development, impaired cognitive function and poor school performance. 10 The prevalence of smoking is increasing in developing countries and among women. 11 According to the Cambodia Demographic and Health Survey (DHS), smoking prevalence among women increased from 5% in 2000 to 11% in 2005. 12, 13 Similarly, the number of people relying on biomass fuels for cooking and heating is continuing to rise in developing countries. 4 It is expected that 2.6 billion people will be using biomass by 2030. 14 The recent increase in oil prices and global economic situation may result in even greater reliance on biomass fuel. A case study in India reported that a 1% increase in the price of world crude oil is associated with a 0.3% decrease in household oil fuel consumption that may in turn lead to an increase in solid biomass usage. 15 Relation between exposure to cigarette smoke and child height During the 1980s, two longitudinal studies (one in the USA and one in the UK) examined the association between exposure to cigarette smoke and height of school-aged children. Both studies found a significant negative association between the number of cigarettes smoked daily by the mother and child height after adjusting for confounding factors. 16, 17 However, the first study found no significant association between paternal smoking and child height 16 whereas the second study reported a significant negative association between paternal smoking and child height. 17 Recently, there has been some evidence about the association between exposure to tobacco smoke and height-for-age of children < 5 years of age in developing countries. A Nutrition Surveillance Project in Bangladesh 18 reported that parental tobacco use was associated with an increased risk of stunting and severe stunting after controlling for confounding factors. Household surveys in urban 19 and rural Indonesia 20 also found that paternal smoking was associated with stunting and severe stunting after controlling for covariates. The prevalence of maternal smoking in both urban (1%) 19 and rural Indonesia (0.5%) 20 was too low to be included in the analyses. Although indoor air pollution due to biofuel smoke is very common in developing countries, these studies failed to examine the influence of biofuel smoke on child height.
Relation between biofuel smoke and child height Mishra and Retherford 21 studied the effect of biofuel smoke on anaemia and stunting in children (0-35 months) by analysing data from a national family health survey in India, and found that the prevalence of severe stunting was higher among children in biofuel-using households [relative risk ¼ 1.84, 95% confidence interval (CI) ¼ 1.44-2.36] after controlling for other covariates including environmental tobacco smoke.
Mechanisms by which exposure to cigarette smoke and biofuel smoke could influence child growth Cigarette smoke and biofuel smoke contain a large number of harmful pollutants. Some of the toxic pollutants found in both cigarette and biofuel smoke include carbon monoxide, benzene and 1,3-butadiene. 22, 23 Animal studies reported that mouse fetuses exposed to benzene exhibited delayed skeletal development. 24 According to Kawakita and colleagues, nicotine found in cigarette but not in biofuel smoke acts directly on human growth plate chondrocytes through a specific receptor of nicotine, causing delayed skeletal growth. 25 Socio-demographic factors and child height Two separate studies analysing demographic and health survey (DHS) data from over 35 developing countries showed that maternal education and household wealth have a strong positive association with height-for-age, 26, 27 and there was substantial shared variance between these two variables in explaining child height-for-age. 27 Previous research found positive associations between stunting and being an older child, 28 low birth weight 29 and shorter maternal stature. 29 The association between gender and child height is controversial. In Jamaica, the prevalence of stunting was twice as high in boys as in girls, 30 but in Uganda, gender had no influence on the prevalence of stunting 28 .
Problem statement
Further studies are necessary to examine the effects of maternal smoking and biofuel smoke on child height-for-age for the following reasons: (i) smoking prevalence (including among women) and biofuel use are increasing in developing countries; (ii) the close relationship between mother and child may lead to increased risk of exposure to maternal smoking; (iii) there is still limited information regarding the effect of maternal smoking on height-for-age of children < 5 years of age; and (iv) there is a need to replicate previous research suggesting that exposure to biofuel smoke has a negative effect on child height, given the increasing use of biofuel and the limited research available at this time. It is important to inform policy and programmes about the association between child height-for-age and exposure to maternal smoking and biofuel smoke so that appropriate intervention programmes can be introduced to improve child health. The objective of this study is to quantify the strength of association between exposure to maternal smoking, other household member's smoking and biofuel smoke and child height-for-age in seven developing countries.
Methods
The data come from cross-sectional DHSs conducted in Cambodia, Dominican Republic, Haiti, Jordan, Moldova, Namibia and Nepal between 2005 and 2007. DHS are nationally representative household surveys that have been conducted since 1984 and have taken place in about 70 developing countries worldwide. The sample design for each DHS is based on 'simplicity, probability sampling, clustering and stratification'. 31 The sampling frame is generally a list of non-overlapping area units or enumeration areas that cover the entire country. The enumeration areas are usually the primary sampling units or clusters. First, clusters are selected with probability proportional to size. The size could be the population counts or the number of households in each cluster. If a cluster is too large, it is divided into segments of which one is retained in the sample with probability proportional to size. In selected segments, all households are listed and a fixed proportion is selected by systematic sampling. The optimal number of women selected per cluster is 15-20. All eligible persons in selected households are included in the final sample. 31 DHS conducts interviews with all women aged 15-49 years in these households, assesses their children (0-59 months) and in some countries collects information from a random subset (33 or 50% sample) of men aged 15-59 years. The response rates of women and men were usually 490%.
For this study, we found 45 DHS countries conducted between 2000 and 2007. Seven countries with requisite data were included in this study. Of the 38 excluded countries, either maternal smoking or child height data were not available in 10 countries and the prevalence of maternal smoking was <2% in the remaining 28 countries.
Concepts and measures Dependent variable
Height measurements for children (0-59 months) of sampled women were performed using a standardized measuring board. Children younger than 24 months were measured lying down on the board, whereas standing height was measured for older children. The height-for-age measures were converted to standard deviation units using the World Health Organization (WHO) Child Growth Standards.
Height-for-age measures were classified as no stunting [Z 5 À2 standard deviation (SD)], stunting (À3 SD 4 Z < À2 SD) and severe stunting (Z < À3 SD).
32

Independent variables
There are three independent variables: maternal smoking, other household members' smoking and exposure to biofuel smoke. Women were asked if they currently smoked cigarettes. Past smoking history was not assessed. All men aged 15-59 years enlisted in either one-third or 50% random sample of households were asked about their current smoking habits using the same questions posed to women. These household members could either be the father or other men living in the same household with the child. Exposure to cooking smoke was indirectly assessed by asking the type of fuel the households mostly used for cooking. The households that used relatively cleaner fuel such as electricity, natural gas, biogas and kerosene were coded 0, and those using coal and biomass fuel such as wood, straw and animal dung were coded 1.
Control variables
The following variables served as covariates: child age in months (0-59), child gender (0, female; 1, male), early initiation of breastfeeding within 1 h after birth (0, no; 1, yes), mother's age in years, maternal education based on total years of schooling, number of children ever born, child size at birth (the mother's estimate of the baby's size at birth, coded as 1, very small; 2, smaller than average; 3, average; 4, larger than average; 5, very large), household wealth (wealth index) and country of residence.
The mother's recall of the child's size at birth was used as a substitute of the child's birth weight in this study because 430% of data for the latter were missing. The child's estimated birth size and birth weight were correlated at r ¼ 0.62, P < 0.001.
Household wealth was measured by the wealth index derived from dwelling and household characteristics, consumer goods and assets. The type of fuel used for cooking was excluded from the wealth index to avoid overlap with the study variable. Each household asset included in the index was assigned a weight (factor score) generated through principal components analysis. The resulting asset scores were standardized to a normal distribution with a mean of 0 and a standard deviation of 1. The wealth index 'is robust, produces internally coherent results, provides a close correspondence with State Domestic Product and poverty rates data' of India and has been validated using expenditure and asset ownership data from Nepal, Pakistan and Indonesia. 33 Analysis This study uses multi-level modelling and the statistical software MLwiN 34 
Results
The sample for analyses includes 28 439 children from seven countries: Cambodia (3488), Dominican Republic (8786), Haiti (2491), Jordan (4211), Moldova (1242), Namibia (3327) and Nepal (4894). Visitors who were not the usual residents (3.4%) and children with missing height-for-age data (5.9%) were excluded from the analyses. An additional 2.4% of the sample had missing information on the independent and control variables and were excluded from the analyses. Sample characteristics are presented in Table 1 . There are 2033 clusters in seven countries. The average number of households per cluster is 9.75 with a minimum of 1 and a maximum of 45 households per cluster. There are 21 380 women with 28 439 children living in 19 820 households. The average height-for-age of children is about one standard deviation below the reference level. The birth size ranges from a minimum score of 1 (very small) to a maximum score of 5 (very large), with a mean of 3.09. In terms of smoking status, 7.2% of mothers from seven countries and 19.7% of men from four countries smoke cigarettes. About half of the households use biofuel for cooking. Table 2 presents the distribution of covariates separately by maternal smoking, men's smoking and biofuel exposure. At a descriptive level, exposure to both tobacco and biofuel smoke is elevated where Maternal smoking, biofuel smoke exposure and child height-for-age with lower height-for-age expressed in standard deviation units: À0.43, À1.06 and À0.12, respectively. These effects are attenuated in Models 2 and 3 to the point where exposure to maternal smoking (À0.20) and biofuel smoke (À0.12), though reliable, is much smaller, whereas exposure to men smoking is no longer statistically reliable at À0.03. Model 4 indicates that there is an interaction between country of residence and maternal smoking. Maternal smoking is associated negatively with child height in Cambodia (b ¼ À0.55, P < 0.001), Namibia (b ¼ À0.35, P ¼ 0.008) and Nepal (b ¼ À0.33, P < 0.001); associated positively with child height in Moldova (b ¼ 0.34, P ¼ 0.03) and exhibits no reliable association in the remaining countries. There was no interaction between country of residence and biofuel smoke exposure.
To confirm our findings on the effects of exposure to men smoking, we conducted a separate analysis on the study sample with men's smoking data, restricted to households where mothers do not smoke and use clean fuel. After controlling for covariates (Model 2), exposure to men smoking exhibited a negative effect on child height (b ¼ À0.12, P ¼ 0.054) that decreased to b ¼ À0.04, P ¼ 0.58 after controlling for countries (Model 3). We examined the effects of biofuel exposure in a similar way-restricting our sample to non-smoking households-and once again reproduced our original findings (i.e., b ¼ À0.13, P < 0.001). Table 4 presents multinomial logistic regressions of child stunting and severe stunting on study variables and covariates. Maternal smoking is a predictor of severe stunting [odds ratio (OR) ¼ 1.49, 95% CI ¼ 1.29-1.71, P < 0.001]. There is no interaction between country of residence and maternal smoking on both stunting and severe stunting. Exposure to biofuel smoke is associated with both stunting 
Discussion
In this study of seven developing countries, exposure to maternal smoking is associated negatively with child height-for-age in Cambodia, Namibia and Nepal but not in the other countries. In Moldova, there was an unexpected positive association between maternal smoking and child height-for-age. To explore this effect, we examined associations among the covariates in Moldova alone. The association between men smoking and child height-for-age was negative and larger than the positive coefficient for women smoking, though non-significant because of inadequate power (n ¼ 235). In addition, there was a strong positive association between women smoking and wealth (r ¼ 0.18, P < 0.001), suggesting that there may be other reasons for children of these women to be at lower risk for poor growth. In our analysis of moderate and severe stunting, there was a strong positive association between maternal smoking and severe stunting and no evidence of statistical interactions between maternal smoking status and country. Using information on the number of cigarettes smoked by respondents during the last 24 h before the survey, we found no evidence of a gradient between the number of cigarettes smoked and child height-for-age or stunting in our study. Furthermore, the negative associations between men smoking and child growth became statistically unreliable when adjusting for the country of origin.
This study found a negative association between biofuel smoke exposure and child heightfor-age (b ¼ À0.13, P < 0.001) that decreased from (b ¼ À0.72, P < 0.001) when dummy variables were used to control for country. Very poor countries with elevated risk for child growth deficiencies in height-for-age are dependent on biofuel. Separate analyses revealed that poverty (percentage of population below US $1 a day) 35 was highly correlated with biofuel use at the country level (r ¼ 0.90, P < 0.001). Multinomial logistic regression results showed that biofuel smoke exposure was associated with both stunting (OR ¼ 1.25, 95% CI ¼ 1.08-1.44, P ¼ 0.002) and severe stunting (OR ¼ 1.27, 95% CI ¼ 1.02-1.59, P ¼ 0.04), after controlling for covariates. Before adjusting for country, these estimates were: OR ¼ 2.62, 95% CI ¼ 2.38-2.90, P < 0.001 for stunting and OR ¼ 2.87, 95% CI ¼ 2.48-3.32, P < 0.001 for severe stunting. The findings are consistent with the result of a previous study in India which showed that exposure to biofuel smoke was associated with severe stunting in young children (relative risk ¼ 1.84, 95% CI ¼ 1.44-2.36), independent of exposure to tobacco smoke and other factors. 21 There are several limitations in this study. First, smoking and biofuel smoke exposure during pregnancy was not available as a covariate that may be a large contributor to stunted growth. Secondly, the measurement of biofuel smoke exposure admits some inaccuracy as it was measured indirectly from the type of fuel used for cooking. However, fuel type has been suggested to be the best predictor of high pollutant concentrations in the kitchen and living area. 36 Thirdly, information regarding the duration of exposure to both cigarette smoke and biofuel smoke, which may be an important predictor to child height, was not available. Fourthly, it is not possible to establish a temporal and causal relationship between maternal smoking, biofuel smoke exposure and child height-for-age due to the crosssectional nature of this study. Finally, omitted covariates may have contributed to residual confounding in our study.
Despite the limitations, there are certain strengths in this study. It includes nationally representative samples in seven countries with very high response rates. In addition, the consistent findings with a previous study support the robustness of the association between biofuel smoke exposure and child height-forage. In conclusion, given the increasing prevalence of smoking among women and the growing number of people relying on biofuels in developing countries, policies and programmes will be necessary to protect children from being exposed to harmful smoke at home.
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